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immjfmcmm. 

Attention slioultl bo dircctod to tint tioutiiuial si)roatl of a common 
disease of plants genernlly known nnder tlio names of root-Iuiot, root- 
gall, big-root, e^. It oeeurs ns an ont-of-doo« filfet in nil excejjt tl¥e 
most northoni States, but it is most abundant in tlio SoTitIv and 
Southwest and is ovory^vhor© prevalent in grecnlioudos. It is tho 
cause of B(jrious d«»i*go to tnnny cr(>i*s. Th^ oxtetib of thh dMll«g« 
is difficult to estinnite, since it is both direct iiud indirect and in 
many coses is overlooked entirely. The direct daiuiigo is that caused 
to the growing croj«; Th« indirect dftmmge rwitlte frowi fmt 
that tlio i)rosence of the disentso nutkm it imjjrRcMcable to grow 
ccrtahi cro]>s. 

APPEARANCE OF PLANTS ATTACKED BY HOOT- KNOT. 

As a rule, root-knot produces no malfonnations or enlnrgeiuents ou 
the ]5ATts of tho iilnnt abov* ground and cons^fiuflndy is frequently 
overlooked. However, jilants badly infested are dwni'fed, wilt 
rowdily iiv hot, dry wontlier, imd arc usually a palor gr«on than 
h*«^by onm. Wlitre the irtrtftok is most sovoi'o, i)l«nt9 may bo 
entirely killed. In the case of a mild attack, only a small amount of 
dwarfing, together with a reduction in yield lielow the norinnl, is 
nofc'cmble. &BliiettMta 0v«jii the (fWRr&ig is abs«it, and tfa© reduction 
of yitld is not iiotictel. Sineo ^lo disewe is widely pr^vslwnt in soirw 

I Thin bulletin hiaed on Ihe work of Dr. Brnst A. Beawy while ha V« a iMwnlwr or flue sttfetttHlc «lalT 
Bf'tfee Bur«au of fhint 'Industry. The-tnanBseripl, wlritti wbb nrlRlnally |iTPi™'etl 1>y hlih, has h^ett recml 
and put lute feria for the Fw raws' Bultettn !»r(«3 by Mr. L. P. Byarsi, wbo is now conthiuhiK (ho root- 
knot investlfjatloHS of l"hf8'b»**iu. 
77965*— Bull. (Wa— 1! 
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districts, tho vcthscetl yioUl is snpposod liy tho gxowoi-s to ho tlie 
normal ono. 

On examining tlio roots of an iiif(^«to(l ])inut tlio prtM<mc« of tho 
disoaso is usnnlly very easily dotoctod. Doponding upon tho soyority 
of tho fittnck, tho fmo fooding roots, ns well as some or all othor 
roots, will b« found to b© groatly onlargod at YiEinous points. Th«50 
onlargonioiita may bo scattorod or thoy may ho so close together that 
the whole root system is abnormally tliickeiiod. Ilcnco, tho disease 
lias boan given such doscriptiTo namofi m rool^kuot and big-root. 
Plants afTcctftd in this way are frequently said to have chibroot, 




FiO. 1.— Itoot-knot of the cowpea, showing fiilarge- 
ments cnuspd by the gallworm. With tho exception 
of the Iron nnd Bmbham varieties, thli plant fa very 
suswpWble to root-knot, and tho uso of msceptl- 
l)Ie varieties as (jrecn-manure cropa in pcnoh orCluLrds 
and In rotations Just preyed Uig cotton Is to bo avoided. 
(Photographed by W. IV. OtlbaJt.) 



FlO. 2. — Spherical riodiUes on cowpea roota prfr 
duccd by beneficial nllrogen-Bxlng bacteria. 
These enlargoracttts should not be confustd 
ivlth the Ininrion,! root Ralls shown In figure 1 
Ihdt arc cMSscd by the j^llworm. 



although tli« true clnbroiot is a dfeea.sft due to an entirely different 
oanso and is cenfuied to plants of the mnstiird family. lioot-lcnot 
onlargemoutH in logiimo)i,siich as tho oowpoii and clover, ar# also some- 
times confiisid with the beneficial nodulea canawl by the nitrogon- 
fixing bacteria which live in tlie roots of these plants. Nodules 
produced by tho nitrogon-fixing bacteria arc spherical or lobed, small 
or medium sized, and attached to tli« side of tho rootlets, while tlio 
root^kn<^t parasite cansoa ft swelling of tho root. Tlio pronounced 
dlfTerence in a|)pearanco botwoon th« injurious root onlargemonts and 
tiio l)wi*ficial root nodul«s on th« co\vpoa is shown in figures 1 and 2, 
respectively. 
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Tho onlargomonts of roots disoasotl with rooHaiot, as scon ia fig- 
uros 1 and 3, intcrforo with the trnnsfor of water from tho fine f coding 
roots to tho stem and loaves, with tho rosult that in ratlior dry 
woathov on a hot day tho plaixts may wilt through failure to scoiiro 
tho proper quantity of water, even though tho soil may lio quite moist. 
Furthermore, the diseased tissues aro qnito watory and easily permit 





rio.3.— Root-knot of cotton. The root-knot parasite may occur 
in »mh smaLL numbars as not to he very scriou.f in Jtscif, yet 
the injuries to the roots caused by It iurntsh a vulnerable 
point of attadc far the Wilt luiigus; hence, rooHmot in eorubi- 
natlon with Hie fungous disosse grcatty reduces tho yield. 
<Attor W. A. Orton.) 

tho entrance of fungi or bacteria which cause 
decay, so thfit tho death of tho jilant Jnay be 
due inimodiatoly to tho nomatode3 them- 
selves or to other parasites that gain on- 
traneo to the plauD through tho diseased 
tissues. A good example of this is often soon 
in tho case of cotton, on which the root-knot 
parasite alone may be pr»senb in such small 
nurabOTS as not to bo partlcTilarly harmful iicyond rsducing tho yield 
somewhat. Yet tho injurim to tho roots duo to this par^ito make 
it ])OBsiblo for tho fnngtis that causes tho wilt of cotton (black-root), 
when pi-csout, to gain entrance to tho roots much more readily than if 
tho root-knot parasito were absent. Thus, root-knot in combination 
with tho fnngovis disoasr greatly rodue«3 the crop. 



l''io. 4. — A potato badly Infested ivith 
gnflwarm.'i. The roughened, warty, 
and discolored stjrface ot the tuber are 
the external signs which indicate the 
preecDce of the parasite in the interler. 
SuSh diseased potatoes are unfit for 
t.ibleuse and should never be used for 
seed purposes. (After W. A. Orton.) 
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- It is not always tho roots that boar tho most conspicuous and 
harmful effects of root-knot. In certain tuberous plants like tho 
Irish potato, the swclliiigss on the roofelets may be small, while the 

tuborg when thoroughly infested with 
tho disease arc much FOughened, dis- 
colored, and warty on their surfnees, 
aa shown in figure 4. By cutting 
open thoeo potatoes, a layer of discol- 
ored tissue, which contains the parasites 
in large numbers, is usually found just 
beneath the skin (fig. 5). Such tubers 
are not only undosirabl* for table use, 
but arc also wholly unfitted for seed 
purposes, since they carry the canst 
of tiie disei^e and spread 
it into uninfogted dis- 
tricts. 

CAUSE OF ROOT-KNOT. 

Root-knot is caused 
by a minute animal, 
Ileterodcra .radicicola. 
In the earlier stages of 
its development this 
animal is wormlikR, and 
for this reason has been 
called an eel worm. On 
account of its produc- 
tion of galls, it may bo 
e«Hed »he g^trorm. It 
belongs to the group of 
animals more correctly 
known m Hematodes, 





Fio. fi.~Ilalf section Of a potato invaded 
by the gallworm. Just beneath the sur- 
lace of the tuber ]s a ring oJ dlscolorEd 
tissue whloh contains a large numbet of 
these worms. Planting suuh tubers 
quickly sprea(te4hjt flfcease. 
A. Orton.) 

many of which arc injurious to plants, while numerous 
others attack animals. Tho particular species under 
considirAtion is found widespread over most of the 
temperate and tropical parts of the world where the 
conditions aro favorable for its development. Its life^ 
histiory ^ m »m folows : Hstching from *h «gg which is usually lesjs than 
one two-hundred-and-fiftieth of an inch in length, it is a small, worm- 
like creaturo between three and five times as long as the egg; that is, 
(cbout oiio-ftightieth to one-fifrictJi of an kich in length. The diftmettr 



Fio. 6.~A newly- 
deposited Egg of 
thegallworni,inag- 
nlfled 400 times. 
Thale eggs are 
extruded in large 
numbers, some 
females laying as 
many as 500. Be- 
cause of their 
tnugh covering, 
tlK eggs are resist- 
ant to ehemleal 
tr«it»enta«d ad- 
verse soil MfcSi- 
tloes. (After N. 
A.Cobb.) 



1 Additional Information concerning the life history uf this parasite, with a list of susceptlbia plants and 
details of experiments in controlling the nematode in the southeastern United States, may be found in 
Bulletin 217 of the Bureau of Plant Industry, entltted "Boot-Knot and Its Conteol," by Ernst A. Beosey, 
issued Nov. 21, 1911. 
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of th« hotly is about oiio-thirticth of tho length. On aeeount of their 
miiiutcnoBs, these n&matodoa are iuvisiblo to th« unaided eye. They 
movG through th« soil with considerable activity, and on finding a 
root, preferably a young feeding root, bore their way inte it, usually 
near its tip. Once inside, tho j^oung ncmatodo eeases its aetivo 
mor<Miients, begins to enlarge, and by means of a hollow, spearlike 
organ within its mouth absorbs its uourLshmcut from tho root. A 
greatly magnified egg is shown in figure R, while in figure 7 both 
eggs and larvw magnified »beut 30 tim«B Miay b« steii. 





Fio. 7.— niuslratlon madfl trom a mlprophotograph of the eRjfs of tha gall- 
worm aad the ^ oiuig worms Just hatched, taken from a potato. It is In 
this worm stage that the parasite moves through the soU «Ad ontm th« 
roota or tubers of plants. <AttBr F. R. Ileadley.) 



FiO. 8. — A female of the gall- 
weriu ( ItHctoicra rodWtofii), 
raagnilled 8S diameters: a, 
Ifoatb; spherical sucking 
bulb; e,c, ovaries, as seen 
through the body wall; d, 
anus; e, small white siwts 
showing approxlmatoiy the 
natural she of these worms. 
During the «gg.iayl!igp«le<l 
they aro usually a gllslcnlng 
white and ean be readily 
Bppn with the unaided eye 
by caretully breaking open 
an Infested gall. (A Her N. 
A.Cobb.) 



The presence of the nematode iu tho root irritates tho tissues 
in aueh a way that the root enlarges, forming a swelling that may be 
two or three times as thick as the diameter of the root above or below. 
If many nematodes are present in tho root, the swelling may become 
very large, ©epeeially as the root increases in age. The nenmtodt 
within tho root increases in thickness more rapidly than it does in 
length, so that eventually the maturo female nematode is almost 
pear shaped maA lASpge «nough to be visible to ttio n»k*d eye, becom- 
ing from one-fortieth to onc-twcnty-fiftli of an inch in diameter. 
MTicn a root badly infested with those nematodes is broken open at 
this stage, the mature female, as shown in figure 8, can frequently 
be observed As minute, pearly '^hite, roundtd bodies from one- 
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fourth to ono-half tho diameter of the head of a common pin. It 
requires about four weeks for the female to roach full dovolopmeut 
and begin laying eggs. The female is capable of laying more than 500 

eggs, each of which may hatch 




as men- 



iiito a wormliko larva, 
tioned abfit-e. 

Tlic males arc rarely seen except 
when searched for at just the right 
period, Their development up to 
a certain stage is like that of tho 
female;' that is, tlio larva enters 
tlio root in the same way and en- 
larges within it, but after becom- 
ing mucli elongated and sliedding 
a skin it bores its way out of th« 
root into the soil again. It is then 
a wormlikc animal one-sixteenth 
to one-twentieth of an inch in 
length, but not over one-fortieth 
as thick as it is long. It is prac- 
tically invisible to tlio naked eye. 

In the warmer climates, sucli as 
southern Florida, southern Texas, 
and parts of California, it is pos- 
sible for tho nematodes to pass 
through as many as 10 to 12 gen- 
erations in a year, but in the cooler 
climates tho number is less. The 
number of generations is governed 
by the tcniperfflturo, sine® the nem- 
atodes do not develop except when 
tlic soil is warm. Thus, in north- 
ern Florida Dec«nbf*r, January, 
and February arc months in which 
little nematode injury occurs. In 
South Carolina the comparatively 
quiescent period lasts from th» 
middle of October to the middle of April, while in New York, ilichi- 
gan, and Colorado tli* active period is probfcbly not much longer 
tlian the three warmest summer months. 

PLANTS ATTACKED BY JtOOT-KNOT. 

The root-knot nematode attacks a large number of plants of widely 
different types. The kinds of plants on which it is known to occur 
number nearly 500, and doubtless future obs»rvations will greatly 



I'lG. 9.— A su-gw beet affseteil with roet-knot. In 
certain sections of the Southwest the growing 
of sugar heets has been prevpntcd by tliis 
disease. 
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extend this list. Among tlioso subject to attack arc many in wKlch 
tlio iicmatodrrt inflict no visihlo injury upon tlio plants, being found 
(tnly in a few of tho smaller roots in such small numbers that limy «r« 
ncgligiblo, as far as tho plant is concerned. Many of the common 
weeds belong to the cluss of plants which harbor tho nematodes and 
at the same time show few of tli» symptoms. Ilowovor, such plants 
are dangerous from the farmer's stiindpoint, since tlicy hel]i to keep 
tho soil stocked witli tho nematodes, Wlicn it is considered that one 
female may produee mor© than 500 eggs, it is evident that not 
many individimk are required io keep tho ground tliorougldy 




Pio. 10.— Squash roots aflwled with rool-knol. The entire root ;ss's<*m has h^^ame Intawlpd wlHi 
p»i»He; hence, tho propw aniouM »f food inaterliit dBfflnwrMChthepwts of theplMittlJove grsaiui. 



infe»t»d, Tli« young nematodes arc able to exist in the soil for more 
than a year, working their way through it during tlic warm weatlicr 
in search of roots into whicli they may enter. For this reason it is 
important to ke»p the groimd freo from tho plante upon wliich tlio 
nematodes feed. 

Besides the plants that arc only slightly infested wo find somo in 
which the nematode galls arc very al)imdant on tho roots, yet Avitli 
uo apparent damage noticeable in the crop. Such plants, pcrha\)s, 
make up tho majority of tho susce]itible ones. There is a third cla.-^s, 
however, in which tho nematode injury is very severe and easily 
noticeable. Such plants make ])Oor growth, arf' stunted, give reduced 
crops, or are killed prematurely, while the roots t\rc found to bo masses 
of swollen strut«ture.s scareoly reejDgnizuble iis roots. In bMlly infcet«d 
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areas tho sugar beet, squash, tomato, lettuce, cantaloupe, and celery, 
as illustrated in figures 9, 10, 11, 12, 13, and 14, present all the root 
symptoms tfe^^bed fcS- iSiis third cikM of plante, SomOwh*t less 
conspieuously, the effect of tho parasite upon woody plants, such as 
the grape, willow, and fig, is shown in figures 15, 16, and 17. In 
figures 18, 19, and 20 the result of galhvorm infection of the primrose. 





Fio. 11.— lloolsot a tomato plant coraptot«Iy Invaded by Batl- 
worms. ifost varfetlos of tomatoes are severely nttacfcpd 
by ttie pwaslle. (After Oeorse F. A(kln!»n.) 

chrysaiithemuin, and canuitiotj is clearly 
sho^vn. 

A largo number of the commonly cul- 
tivated plants are more or less subject to 
tho disease. The ela^ified list which 
follows 'incltid^ tho more important 
highly susecptiblo i)lant8. These should never be grown on infested 
fields or transi)lantcd from any field that may i)ossibly contain tho 
parasite. 



Fio. 12.— Lettuce roots Infested with the 
gallworin. Almost all other common 
garden plants «re likewise attacked. 
Their roots Junilsli eweelltnt fcediiw 
i»j#fcMieaing piaoH for the p^-asfts. 



Field crops: 
Alfalfa. 
Clover. 
Cotton. 

Cowpea (except Iron, 
Urabhatn, and hy- 
brids of ^Vhippoor- 
will crossed on Iron.) 

Field pea. 

Flax. 

Ptinipkin. 

Soy bean. 

Sugar beet. 



«fid drug 



Field crops — Continued. 

Sugar cane. 

Sweet potato. 

Tobacco. 

Vetch. 
Ormnnontal 
plants: 

Jiegonift. 

Cineraria. 

Clematia. 

Coletis. 

Dahlia. 

UoUyliock. 



Ornamental and 
plants — Continued . 

Ginseng. 

Goldenseftl. 

Peony. 

Kose. 

Sweet pm. 

Violet. 
Truck crops: 

Asparagus. 

Bean. 

Cantaloupe. 
Carrol. 



drug 
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Tfuofc cropB— Continued. 
Celery. 
Cucumber. 

Gard«i beet. 
Garden pm. 
Irigli potato. 
Lettuce. 
MuBkmelon. 
Okra. 



Truck crops — Continued. 

Onion. 

Pepper. 

Safsify. 

Spinach. 

Strawberry. 

Tomato. 
Woody plants: 

Almond. 

Catalpa. 



Woody plants — Continued. 
Cherry. 
European elm. 

Vie- 

Old World gitfpevHife. 

Ifulbcrry. 

Peach. 

Pecan. 

Persian walnut. 
Weeping willow. 



Besides the above-listed plnnts, most of tlio coininoii weeds nro 
attacked by th« nanttodite, altlioiigli usually not very severely. 




yio. 13 Roots of a eantaioiipo pkuitj shoirfcig tn- 

largemcnta duo to the gallworm. 0 thcr trudt ami 
8»Id crops are similarly •tt«<^«] Md 4b<HJld oeTW 
hn planUK] two meetsstve ynra on bif^ted Itttd. 



Tio. 1 1.— Root system of cetary iJioPSiJili!)' Infmied 
wUh the root-kaot nematode. Tsi Mrolrol thfc 
jntpe*[te, at icmt a 3-year rotation wltJi resistant 



Such weeds, however, are a constant source of danger to tiio farmer, 
as they help to incroaso the number of ncmntodes in, the soil. An 
nbuiidnnee of weeds is a sign of poor agricultural prnctico anywhere, 
but -wteds become doubly dangerous v;hcrc they not onlj^ do harm 
by crow-ding out other plants and using up food intended for them, 
but also multiply a pest which may Inter destroy the crops planted. 

PLANTS NOT ATTACKED. 

Fortunately, many plants of economic importance are known to 
be free from the attacks of root-knot. As will b« shown ]atm; 
advantage is taken of this fact in controlling the dis«ftsc. The 

773S6'— Dull. 6«— 15 2 
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following list includes tho more important cultivated plants which, 
so far as known, aro seldom or only slightly affocted by the nema- 
todes find may ho used in crop rotations with the expectation of 
greatly reducing tho number of gallworms. 

Barley. Com. Pearl millet. Timothy. 

Deggarweed. Crab-grass. Redtop. Velvet bean. 

Brabham cowpea. Iron cowpea. Rye. Wheat. 

Broom-corii iiiillot. Pednut. Sorghum. Winter o*t». 

CONDITIONS FAVORING ROOT-KNOT. 

Root-knot is seldom found in hoiivy soils, apparently because it 
is difTicult or almost impossible for tho young nematodes to make 




Iia. 15.— Hoot systeoi o( the Black 
Hamhurg grape, showinj? smell 
swetMngl due to th« pHWr*. 
The pwaRlto anw nmeh damagg 
every y#fir to mtiny «ropi which 
the growtPT supposw are normal. 
(Alter J. C. Nesl.) 





ITia.ia.— RoQtaofa-weeplng 
willow diseased with root- 
knot. Msiny ornamental 
plants are subject to this 
disease and should not be 
p4(uited to soil known to 
be in^l»d with the gall- 
worm. (After J.C. Nea!.) 



FIQ. 57.— Roots o! the 
11 g, showing swellings 
caused by the root-knot 
nematode. Most varie- 
ties o! the fig are espe- 
tsfelly susceptible to the 
attaeka of this parasite, 
wWeh thrJvm in mafet, 
wndy aolln 9j>ltable for 
flK growkig. (After J. 
C. Ncal.) 



their wfiy from one root to 
another through such soils. 
It is prevalent, however, in 
light soils, especially tlioso 

of a very sandy nature. There h therefore much 
moro r'mk of infestation in planting suscepti- 
ble plants on light, sandy soil than on those which ai-e heavy or 
stiff. Whert the land is water-soaked for a considerable period of 
the year these nematod&s are not abundant or do not occur at all, 
nor aro they found, on the other hand, in land that is exceedingly 
dry. They live in greatest abundance in tho light, sandy soils of 
t!\e South, whoio they have tho proper texture of soil combined 
with a desirable amount of moisture and A leng, warm summer. 
This fact explains tho universftl occurrence of tho nematodes in 
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greenhouses, where conditions for their growth approximate the ideal. 
However, the disease is found where the soil is of the proper typo oven 
in regions where the temperature goes many degrees below zero in 
tho winter, as, for example, at points in Michigan, Nebraska, Colo- 
rado, and Utah. 

METHODS OF SPREADING THE PARASITE. 

The larvas of tho nematode are capable of moving through tho soil 
only very slowly, perhaps not more than a few feet each year. Yet 
Mi ^.^iiiK.'' movement sufTiccs to permit thorn to descend 
\ to a sufEciont depth in th« soil to escape drought 

' ^ ^^^^ frogt. It is not primarily by its own efforts, 

however, that the parasite 
ia spread. Itmay be trnns- 
l)ortod from field to field in 
a given district along with 




Fio, 18.— Prlinr(B6 roots badly 
int*tB<l with the gallworm. 
Greenhousfl soils kept at a 
mild, even temperature fur- 
nish excellent conditions for 
the growth and rapid hi- 
ereasoofthlsparaslte. (Draw- 
ing furnished by N. A. Cobb.) 



Pig. 19.— Clirys»nth«num, the 
roots of wlilfc are Inlosted 
with tho gallworm. Plants 
severely attacked by this para- 
site are often dwarfed; Ihey 
grow slowly and serve as 
breeding places lor the nema- 
tode. (Drawing furnished by 
N. A. Cnbb.) 




Pro. 20.— Carnation plant, the roots of which 
are much distorted and swollen as a result 
of gallworm Infection. Many greohhouae 
plants are similarly attacked when grown 
in soil which has not boon sterilized. 
(Drawing furnished by N. A. Cobb.) 



tho soil that clings to agricnltnral implements, to tho foct of domestic 
animals or man, or to transplanted plants. Too much care can not 
be exercised to prevent the distribution of infested [)lants or soil on 
plants to areas which are freo from tho pest. Garbage, manure, or 
waste matter of any kind containing parts of diseased tubers or rooks 
may spread tho parasite and shonld never be placed on uniufeated 
land, Tho post is also frequently carried to other fields by means 
of irrigation water and surface water resulting from heavy rains. 

The most common mftShod of transporting the disease from one 
locality to another is through shipments of nursery stock, tubers, 
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and bulbs. Particularly in tho Southwest have nuitioroua observa- 
tions shown that peaches, figs, and Old World grapevinea aro tho 
means by wliieli neir arcrfts become inf(«ted. This suggest* «hftt no 
nursery stock should be accepted until it has been found free from 
ueruatodcs, and, if suspected of having eome from infested districts, 
it should be planted on a separate part of tho farm until upon exami- 
nation later it is found to bo free from the trouble. In certain irri- 
gated districts of California and Nevada ^ seed potatoes have been 
ehicfly instrumental in introducing and spreading the gallworm. In 
attempting to control this disease it is absolutely essential to plant 
only ijninfosted tubers. To use tubers showing no superficial ovi- 
doncca of the disease is not enough, but clean and healthy seed 
should be selected from fields whcro a critical inspection shows 
that the disease has not been present. It naturally follows that 
potatoes which are to be used for seed purposoB should bo secured 
from uninfestcd localities, preferably from States along tho northern 
border from Minnesota to Maine, where the axtreme temperatures 
praetieally prevent tho occurrence of th* nematode its lin out-of- 
door pest. In the South and East, tomatoes and tobacco plants, 
as well as various classes of nursery stock, such as the fig, peach, 
and mulberry, are means through whieh the parasite is known to 
bo most frequently transferred into new localities. The prevalenco 
of the pest in ginseng plantations is undoubtedly duo to the trans- 
planting of rooted seedlings from infested soil and to tho use of seeds 
whieh wer« packed in damp infcstid dirt. 

METHODS OF CONTitOLLING KOOT-KNOT, 

GRKENHOUSES. SEED BEDS. ETC. 

In greenhouses the method tliat is most oiRcicnt is that of steam- 
ing ' the soil by passing steam into perforated 1^-ineh pipes laid 
Isngtliwise hi tho benches from 1 foot to 1^ feet apart and at d depth 
of 1 foot below the surface of the soil, Eighth-ineh holes are made 
on the under side of the pipes at intervals of about 6 inches, The 
soil can be thoroughly heated in th* course of im hour or more, 
depending on the steam pressure, until all animals, as well as most 
(if the fungi causing plant diseases, aro killed. It has been found 
dcsirabl* to cover the soil with a eanvaa or a layer of straw held on 
by boards laid closely together, in order tliat the steam may not 
merely blow through tho soil at certain points but may rather be 
distributed evenly throughout the bed. The higher the st*«m prcs- 

» For more delalled intormBtion regarding the gallworm as It occurs on potatoes In the irrigated districts, 
see Circuifir No. 91 ol the Bureau of Plant Industry, entitled "The Nematode Qallworm on Potatoes and 
Other Crop I'lanls in Nevada," by C. S. Scoflpld. 

* For a more detailed explanation of the method outlined in this bulletin and for an account of the 
Inverted-pan m*hod o[ steaming soiiB, see pages Sj and 35 of Bulletin No. IWof the Bureau of Plant 
Industry, by W. W. Gilbert. 
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sure, tho nioro quickly tho proper tcxnj)crature is attained, with the 
further advantage that at high pressures tho soila do not become 
so 'wMe#4ogg(!d ft^-ihf^" ## # 'fo^^-pi-iiBMre steam is tl»M. A eon- 
vcnieut method often employed to dctcnniiio whether tho steaming 
has continued long enough is to bury ]iotntoes at various points in 
i^e mufttct of -^h* *h^. When these htM %wni to 1)« cooked, one 
need have no fear that any nemaUidcs will remain alive. Indeed, 
they probably perish long before tho ])otRtoBs heat through. Where 
steeaiwf;' -i**$»q*i«es5'bte', gi«wl«teiJ#eg^ iB«f--s#l!t be freed ftviin nenSft- 
tcxlcs hy removing the infested soil, whitewashing tho benehcs with 
boiling-hot fresh whitewash and rofdling thMn with fresh soil taken 
ft'om some pwiiit w*rt!r», hy th« obeervwtion of st«cep#bfe pknts, it 
has been found that no nematodes arc present. Fresh soil that is 
entirely or nearly froo from tho nematodes may he scoured from low 
bottom tenift or*wny tend that is Jlooded ftW* a oOiwifteritfefo pwiod, 
preferably two to six months each year. 

These methods apply, of course, only to bods which contain no 
IWhg'plwfts. 4t #1«%oiB8rHo to formul«%e « ruf* of proe«dure that 
will bo satisfactory in all eases in frceijig bods of living )>b\uts from 
nematodes. If tho ])laut3 are capable of being tran3])lantcd, they 
may b® removed from tho soil, washed, and all diseiiscd roots cut off, 
cutting back the tops to correspond, and thou transplanted to fresh 
soil. Before re])hinting it is well to soak the roots for half an hour 
or nioTO in a solution uf 1 ])art of 40 per cent fornuddeliyd« iu 100 
])arts of water, iu order to kill any nematodes that may bo ])resent iu 
Uio dirt adhering to the surface. 

GINSKN(J I'MNTATIONS. 

Special attention should bo given to tho methods of combating tho 
nematodes in the ginseng industry. These nematodes aro mtroduced 
into tho ginseng bed usually hi ono of three ways: (1) By means of 
the damp soi! in which ginseng seeds are often shipped; (2) in affcctod 
seedlings bought from a grower who has tho disease on his ]ilaco; 
and (3) in the soil clinging to tools, m<^n'8 shoes, ot'^. To avoid tho 
introduction of tho trouble care should bo taken that tho soil in which 
seeds aro packed is so disposed of that there is no cliauco of infecliiig 
other soil. Tho seeds should bo washed, iicrha])s with the addition 
of a small amount of fonnaldehydo to tho water, but should not bo 
softk«d for a long i)eriod in this solution until it is determined how 
long a time is necessary to kill tho seeds. Seedling ]dants should 
not be bought froni a grower in whose bods the disease is present. 
If it is suspoct-ed that ho may have the disease in his hwls, ««ch seed- 
ling should bo examined, and if any roots are found affected tho 
■wisest procedure would bo to refuse the whole shipment. If this can 
not be done, the diseased ])lants should bo destroyed and tho healthy 
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ones wasliod in a dilute solution of formaldchydo (1 part of 40 per 
cont fonnaldohydo to ;")0 parts of water) and planted in fin isolated 
b»d. If no diseaso appears in this b«d within th« next ymtr or two, 
it can bo assumed that the disease was not brought in. Until this 
poriod is passed, however, no tools should be used on other beds 
witliout first scouring off th« dirt froTU this bed and dii)piiig tliem in 
a sohition of 1 part of formaldehyde to 50 parts of water, so that there 
may bo no chance of transfcn'ing the nematodes. If tho disease is 
present in one of the Iwds it is possible that tho following treatment 
may save some of the plants, though the details of tho process have 
not boon thoroughly worked out: All the plants should bo dug and 
canrfully wsehed, so thft-t all the roots are exposed. Those that «Te 
badly knotted should bo dried and sold as fiber, but thoao on which 
only a few of the hitornl feeding roots aro diseased should have these 
roots reTno'\'^d «nd dried for fiber. Th« plants shouM then be difppsd 
in a fonnaldohydo solution (1 part of 40 per cent formaldehyde to 
50 parts of water) for 10 to 15 minutes, to destroy such nematodes 
as might be adhtring to th« surfneo, »nd th»Ti ]iknted out in fr#iph 
beds known to be uninfestod. 

ORClIAfEUS. 

For folds in wMch plants aro permanently gromng, for example, 
in orchards and gardens of ornamental shrubs, no very satisfactory 
treatment has boon worked out. It hfts.teoon found that by culti- 
vating the fields thoroughly and at tho same time fertilizing thorn 
highly, particularly with stable manures and commercial fertilizers 
rich in potash, so that tho plants aro induced to niako rapid root 
growth, tho roots will froc|Ucntly go below the level at which most 
of the noinatodea aro present and will develop faster than the noTna- 
todos can produce their knots. This permits tho dcvclopmoTit of fairly 
good crops, It has b(>on shomi that peach troes affected with the 
disease, if treated in this mannor, can sometimes bo caused to outgrow 
the trouble to a considerable extent, ifore ofton tho ronowed vigor 
roeults in only a temporary relief, as tho new root growth subsequently 
boconiGs invaded ])y tho para.sito and the plant relapses into its former 
condition. 

Wliero only a few tvcm in a young orchard are affected (and this 
is commonly the case when partially infested nnrseiy stock is planted 
on uiiinfwtfd huul), they should bo removed and destroyed. Tho 
surrounding soil, including an nroa well beyond that occupied by the 
infested roots of tho removed trco, should then bo treated with a solu-' 
tion of formaldehyde (1 part of 40 pei' cont fonnaldohydo to 50 parts 
of water) at the rato of about 2 to 3 gallons per S(|uare yard. In this 
way the further spread of tho disease is prevented, and ncmatodo-fro« 
trees may be rojdanted after at Itmt on« j«ar's delay with littl© fear 
of their becoming infested, 
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One means of provcntiug root-knot in peach oi'chards practiced in 
certain parts of Florida is that of grafting the peach on the native 
^vild plum. This method has prevod succoasfwl from iho standpoint 
of the disease, because the wihl plum is resistant to root-knot. As a 
general herticultural practice, however, grafting the poach on thq 
wild plwm has not given satisfactory roeults. 

However successful any of the above methods may be, it is very 
evident that the proper and safe way to control the disease in orchards 
ie never to plant tmm on iMid that is known to be or suspected of 
being infested with nematodes and to use only uninfested nursery 
stock. It is far better to wait the required number of years to free 
the land from the pe«t th^n to take the risk of having th« tre«« 
remain several years without any appreciable growth, as is too often 
the case where nematodes are abundant. To plant a very susceptible 
emp, such as the ordinary varieties of cowpeas, melons, cucumbers, 
or tomatoes, in a field that is later to be occupied by an orchard or 
other permanent crop is highly undesirable. The nematodes will 
multiply ill gr«at number on th* suscoptibk^plante and lo infoet the 
soil that the permanent crop will be seriously injured. For this 
reason many farmers in the South believe that either the growing of 
co\'ssp«*B b#for* planting poach trees or the use of cowpo&s as r cover 
crop after the peach orchard has been planted is a dangerous practice. 
Such is the case if the cowpeas are not of a resistant variety. 

FIELDS NOT USED FOB PERMANENT CHOPS. 

The most satisfactory method of combating the disease is that in 
which the infested fields can bo planted to nensusceptible crops for a 
period of years. To bo sure, nematodes can bo starved out entirely 
in two years or a little more if the ground is kept absolutely free from 
vegetation of all kinds, but this is impracticable on a large scale and in 
many regions, because of the consequent erosion of the soil, the leach- 
ing out of the food substances, and the loss of money duo to the non- 
productivity of the field for that period. However, by making use 
for about three years of a rotation in which the plants used are not 
susceptible to the disease, the cost of controlling the nematodes may 
be considerably reduced, while the land may be actually enriched. 
Not only is the nematode subjugated by the proper system of rota- 
tion, but the same is true of other plant dis^aaos wliich incre*^ from 
year to year when the land is repeatedly planted to one crop. As a 
general agricultural practice, rotation has overyivhcre proved a 
necessity to successful farming. 

The rotations that have been found to bo desirable are those in 
which a summer leguminous crop alternates with a winter grain. In 
making these rotations it is, of course, necessary that the crops grown 
in th« gunmisr ho fr#« from the attacks of the root-knot nematode. 
By using leguminous crops the land is onxichod while the process is 
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being carried on, and by selecting tlio proper crops the rotation, ean 
be carried on at a profit. The sununer crops which have been fotiiid 
Ste8# «iafef*etory for this fmpme mre mm, VftlvG* ^isnn*, Morida 
bc^arweed, and eowpeas of the Iron or Brabham varieties, which are 
highly resistant. Corn should be planted at the usual time in early 
spring and followed later by one of the two M^tent v#Fiel««e oi 
eowpeas, whieh are drilled between the com rows. Com and eowpeas 
planted in this manner mako a very desirable combination, as they 
permit eimm. euMt^fttion. €)f th» legumes, bcggarwecd hm tht 4i&- 
advantagoa that its growing seaaon is so long that It does not permit 
seed production except in tho extreme Southern States and that its 
seed is expe*teive. In eertnln p«rts tif Florida tho Brabham and 
Iron cowpoas are subject to injury by root*knot. ^Vhilo this injury 
is not severe enough to destroy the plants, yet it is inadvisable to 
grow even these resistant varieties in such places, since by so doing 
tho nematodes are incroasod. In other parts of tho South the only 
disadvantage of using eowpeas lies in the dillleulty of securing unmixed 
seeds of the resistant varieties. If seeds of othor v»sieties aro present, 
abimdant infestation wiU result. The threo legumes mentioned seem 
to be the best that can be recommended, although tho Spanish peanut 
appears also to have qualities which should fit it for similar use. 
By referring to the list of iimnuno plants, it will be seen that other 
immimo summer erops could bo used, such as sorghum, millet, or 
rod top. 

The two most succossful winter crops in the South aro winter rye 
and winter oats, although the latter docs not seem to bo satisfactory 
5n many of tho very light, sandy soils. In certain latitudes tho grain 
may be allowed to ripen; then the velvet beans or beggarwced should 
be so™. This should bo cut for hay in time to permit the ground to 
be prepared for sowing tho winter grain. 

In view of tho abovo facts tho following rotations arc suggested 
for fields infested with root-knot: In the fall sow winter rye so early 
that it can mako a good growth before it is neeeesary to plow the 
land for tho next crop. Turn under tho rye as green manure in early 
spruig and plant corn, later placing eowpeas (tho Iron or Brabham 
varieties) in the drill between tho rows. Tho second fall sow winter 
grain, preferably oats, which may bo allowed to ripen or may be cut 
for hay while green. Follow this with either tho Iron or Brabham 
variety of eowpeas, which can bo sown broadcast, or, better, in 2-foot 
drills, where they can bo cultivated. Harvost tho eowpeas as hay, 
and if a 3-yoar rotation is desired sow winter grain, allow it to ripen, 
and again broadcast Iron or Brabham eowpeas to b« cut as hay. 
Barley or wheat may bo substituted for the oats and rye, and (in tho 
seeond and third years) vol vet beans and bcggarwecd may be broad- 
casted inst«ad of cowp*As. 
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It k powibl* to starve out the nemiitode by th« 2-ycar rotation 
if it is carried on vory carefully. However, it seems better to use 
the 3-year rotation. The completeness with which tlio nematodes 
•re ext^waanated by llil'<^f^oie h«ro out-feed depends largely upon 
the care with which the work is performed. Thus, if weeds or volun- 
teer plants from a previous susceptible crop, such as Irish potatoes, 
are allowed to be present during the summer, the nematodes may be 
harbored by those and the extermination will not be complete. 
If the field is subject to overflow by surface water from adjacent 
infest»(l land, frosh infesrtation will bo the result and the value of the 
rotation will be lost. The same result will follow if infested soil is 
introduced on plows, cultivators, w*agon wheels, horses' hoofs, ote. 
It would bo d^al-wble to dig a ditch 2 feet wid^fftnd a foot or two do^ 
along those sides of the field that border infested fields which are 
higher up. Besides preventing overflow the ditch will make a kind of 
natural boundary, »croes which animate or iwiptenonts slioulii not 
be allowed to go. 

In regions of general infestation, as iu many parts of tho South, 
the roinfestation of fields which have boin freed of nematodes is very 
likely to occur. For this reason it is desirable to introduce a 2-yeftr 
nomatode-o-Ytonnination rotation, such aa that outlined abo^o, 
ov»r^four or five years. In this way serious infestation is prevented. 
In such a rotation it would bo desirable to plant tho most susceptible 
cropSt. immediately after tho field has been cleared of nomatedos 
and to follow thdtoi by those which aro less suseiptibl* until th# ti»e 
comes to apply the ext^nniuation rotation again. 

•SELECTWG MSISTANT VARIETIES. 

Among the cuitivatcti crops certain strains or varieties aro known 
to be highly resistant, if not immuno, to nematode attack. Those 
aro (1) tiio Iron and Brabham vari«ti*s of cowpons, 'which, if not 
mLxed with other varieties, possess almost complete immunity; 
(2) some strains of tobacco whicli have been developed by selection 
from those plteits which were not disiase*! when grown in badly 
hifosted fields; (3) American grapes, which aro much more resistant 
than European varieties; (4) certain kinds of figs (for example, 
Col«ste and Poifl«t£o ftfo claimed to bft less smceptiWe than other 
varieties) ; and (5) some strains of watermelon (most varieties are vory 
susceptible). Ilenco, it is desirable that the less susceptible strains 
be grown Whwevcr possibte, stirce this hot o^^dy reduces the nuinbwr 
of nematodes prosont but also insures hotter crops. 

As most of tho abovo strahis have boon obtained by careful selection 
and breeding, it seems quite likely that other iinmnne varictiej can 
bo developed in a similar way from crops which aro new suscejitiblo. 
Every farmer should bo able to practice a simple selection, that is, 
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when any plants in fin infested liold como up to standard in ovory way, 
aro ospticirtlly vigorous, and sliow freedom from root-liuot, they slionld 
bo marked and their seids harvested separately. Thoso soods should 
bo phxnted on infested land and similar careful seed selection should 
bo ,mado from the resulting disoase-freo plants. More complicated 
brooding work, especially th« crossii^ of immune upon snseeptiblo 
varistias, is not advisable for the average farmer, on account of the 
time and mon«y required. 

As the most satisfactory and economical method of GoutrolUug 
root-knot depends upon the proper system of rotation with immune 
varieties of plants, it is higlily important to keep pure- the strains 
that aro already known to ho resistant. This can be accomplished 
by preventing tiioir crossing with susceptible varieties. Tt is also 
important that now strains of resistant crops bo dovelopcdv 

SURIMAUV. 

A sorioug disease of plants known nnder the names of root-knot, 
root-gall, big-root, etc., causes immense damage in all except tho most 
nortiiern Stfttonts of tliis country. 

Tho parasite causing the disease is a minute nematode, or gallworm 
(Ileterodera ratZicicoZa), which multiplies very rapidly under favorable 
conditions. %G 'lilo eyel* mny be «®mpl«tod' in nbout four to fi^e 
weeks, and each female may lay as many as 500 eggs. ^Vhon invaded 
by tho worms, roots become enlarged, distorted, or deformed, resulting 
in ft liiiidrance to tire growth of Wi« plant. 

Iloot-knot flourishes best in light, sandy soils which arc moist and 
warm. It can not thrive in hoavy.soils or in those that arc constantly 
wet. 

ilost crops aro susceptible to tho attacks of the disease. Some, 
however, ai'o resistant. The most important of these aro tho Iron 
and Brabham eowp««s, corn, barley, beggarwewi, ryt?, redtop, sor«- 
ghnm, timothy, velvet bean, wheat, and winter oats. 

Tho nematodes may bo transported from one locality to another in 
many ways, m fn the roots of growing pletwts, nhd by fhoans of tubers, 
bnl])S, and nursorv stock. They ran bo carried from field to field by 
such agencies as running water and the soil which clings to agricultural 
inrplumonts, the f«6t of m^ti; and the hoofs of animals. 

The disease may bo eliminated in greenhouses and seed bods when 
they aro not being used by tho application of steam under high pres- 
suf-o or by the introduction of uninfestod soil into cle*n, ifhitcwashod 
benches. 

In ginseng plantatioi\s tho nematode may bo controlled by eliminat- 
ing ail diseased pknts, steaming the soil, and Pifiltintin|J with either 
disease-free rooted plants or sterilized setd. 
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In orchards, ornamontal gardens, etc., no ontiroly satisfactory 
method of control has been worked out. Cultivation and high fertili- 
zation may cause tr«08 to ov^srcomo tho trouble by inducing rapid 
growth. In cases of local infestation, badly diseased trees should be 
removed and tho infested soil treated with formaldehyde beforo 
replanting with lacalthy stock. Do not plant susceptible cover crops, 
as they rapidly incroaso tho number of nematodes. Novor plant an 
orchard on land that is not known, to bo nematode free. Do not plant 
infested nursery stock on either clean or inf«fsted soil. 

Tho most satisfactory method of combating the nematodo in fields 
not plantod to perennial crops is by the cultivation of immune crops 
for ft period of two to three years and by carefully killing all weeds and 
susceptiblo plants in which tho nematode can live. A desirable rota- 
tion is that where winter grains alternate with either Iron or Brabham 
cowpcas, velvet boana, or beggarwoed. Oftrc must bo exercised to 
prevent running water, implements, animals, etc., from bringing the 
nematodo from near-by infosted fields. In ridding land of root-knot, 
plant only those crops which are known to bo free from tho disease. 

Starving tho nomatodos by keeping the land free from all vegetation 
for two years is an effoctivo control method, though often ijnpracticable. 



